Purpose/Objective: To compare and contrast how individuals with traumatic brain injury (TBI) are classified (positive or negative screen) by different cut-offs on two self-report measures of depressive symptoms: the PHQ-9, which assesses somatic symptoms, and the TBI-QOL Depression item bank, which does not. Research Method/Design: Three hundred eighty-five individuals with TBI were recruited from six rehabilitation hospitals in the U.S. as part of the calibration data collection for the TBI-QOL patient-reported outcome measurement system. Results: The TBI-QOL and PHQ-9 total scores correlated strongly (disattenuated r ϭ .83). The correlation was even stronger (disattenuated r ϭ .92) when the four PHQ-9 somatic items were removed from the total score. When the PHQ-9 was scored traditionally, the rate of agreement was approximately 80 -85% using standard cut-offs for each scale. Depending on the cut-off score, 23-26% of participants screened positive on the PHQ-9, whereas 9 -38% screened positive on the TBI-QOL Depression. Individuals who screened positive on the PHQ-9 alone reported more somatic symptoms than those who screened positive on the TBI-QOL alone. Individuals who screened positive on the TBI-QOL alone were at slightly greater risk for other negative psychological functioning than individuals who screened positive on the PHQ-9 alone. Conclusions/ Implications: The PHQ-9 and TBI-QOL Depression performed similarly in screening for depressive symptoms among individuals with TBI. The PHQ-9 identified more individuals with somatic symptoms, which may overlap with other medical issues, whereas the TBI-QOL Depression instrument identified more individuals who reported other forms of emotional distress.
Introduction
The prevalence of depression among individuals with traumatic brain injury (TBI) is greater than in the general population (Alway, Gould, Johnston, McKenzie, & Ponsford, 2016; Bombardier et al., 2010; Scholten et al., 2016) . Cognitive symptoms of depression include perceived poor concentration and memory. Emotional symptoms include feelings of sadness, worthlessness, guilt, and hopelessness. Somatic symptoms include disrupted appetite and sleep cycles, physical sensations and pain, and psychomotor slowing. These symptoms are distressing in and of themselves, and post-TBI depression has been associated with a wide variety of negative outcomes (Fann, Katon, Uomoto, & Esselman, 1995; Hart et al., 2011; Koskinen, 1998; Rockhill et al., 2012; Wei, Sambamoorthi, Crystal, & Findley, 2005; Whitnall, McMillan, Murray, & Teasdale, 2006) .
The Patient Health Questionnaire (PHQ)-9 (Kroenke, Spitzer, & Williams, 2001 ) is one of the most commonly used screening measures of depression after TBI and in general. It has been shown to have good psychometric properties with adults with TBI (Bombardier et al., 2010; Bombardier, Hoekstra, Dikmen, & Fann, 2016; Dyer, Williams, Bombardier, Vannoy, & Fann, 2016; Fann et al., 2005) , but there is also some disagreement in the literature about whether screening instruments for individuals with TBI should assess somatic symptoms, as the PHQ-9 does. On one hand, there is concern that somatic symptoms (e.g., fatigue, sleep disturbance) may be attributable to the TBI itself rather than to depression (Gass & Russell, 1991; Gass & Wald, 1997; Kim et al., 2007; Rosenthal, Christensen, & Ross, 1998) . Indeed, emotional symptoms of depression may have more diagnostic utility after TBI than vegetative symptoms (Jorge, Robinson, & Arndt, 1993) . On the other hand, it has been argued that somatic symptoms are part of a clinical diagnosis and, there are strong data that items that assess somatic symptoms are not biased against individuals with TBI (Cook et al., 2011; Dyer et al., 2016) .
The Traumatic Brain Injury Quality of Life (TBI-QOL) measurement system (Tulsky et al., 2016 ) is a new set of assessment instruments (item banks) that were developed with item response theory (IRT) methods. It is psychometrically linked with two other modern measurement systems-the Patient Reported Outcome Measurement Information System (PROMIS; Cella et al., 2010; Cella, Yount, et al., 2007) and the Neurological Quality of Life (Neuro-QOL; Cella et al., 2012; Gershon et al., 2012) measurement system. For constructs like depression that are assessed with a TBI-QOL item bank and also with a PROMIS and/or Neuro-QOL item bank, the TBI-QOL score can be transformed to the PROMIS metric (Tulsky et al., 2016) , which permits comparison against the PROMIS normative sample, which mirrors the demographics of the 2000 U.S. Census. Because of the uncertainty about assessing somatic symptoms of depression after TBI, the TBI-QOL Depression item bank only includes items related to the cognitive and emotional aspects of depression.
The purpose of the present investigation is to compare and contrast how the PHQ-9 and the TBI-QOL Depression item bank classify individuals with TBI. Specifically, we will examine the correlation between the two tests and identify the rates and characteristics of individuals who screen positive on only one test, both tests, or neither test, when applying different cut-offs. When individuals screen positive on only one test, individual items will be evaluated to determine which ones influence the discrepant classifications. The groups will also be compared on other assessments of emotional functioning to test whether they report other emotional problems. Ultimately, it is our goal to understand how the two tests differ in identifying levels of depressive symptoms after TBI, which may help clinicians and researchers use these tools more effectively.
Method

Participants and Procedures
Participants were 385 adults with TBI, ages 18 -85, who were recruited from six rehabilitation hospitals to participate in a research study designed to calibrate and validate the TBI-QOL emotional health measures (Tulsky et al., 2016) . The full demographic and injury characteristics of the sample are presented in Table 1 . Although this sample was originally recruited to be the calibration sample for the TBI-QOL measures, it was diverse and well-suited to this analysis also. Although the time since injury was variable, depressive symptoms are often chronic/recurrent after TBI (Alway et al., 2016) . All study measures were administered in interview format by a trained examiner, either in person or over the phone, which have been shown to be equivalent forms of administration (Wang, Chen, Usinger, & Reeve, 2017) . For full details of the study methodology, the reader is referred to Tulsky et al. (2016) . The Institutional Review Board at each site reviewed and approved this study.
Measures
The primary measures were the PHQ-9 and the TBI-QOL Depression item bank. The PHQ-9 can be scored in different ways, either by using a simple sum score based upon adding responses to Manea, Gilbody, & McMillan, 2012 , 2015 . Because the algorithm-based scoring method was shown to have worse sensitivity to MDD than a sum score cut-off of 10 (Manea, Gilbody, & McMillan, 2015) , the algorithmbased scoring method is not evaluated here. Because a cut-off of 11 (i.e., Ն 11) may have even better diagnostic accuracy (Manea et al., 2012) , we evaluated cutoffs of both 10 and 11. Four of the nine PHQ-9 items assess somatic symptoms of depression: sleep disturbance, fatigue, changes in appetite, and psychomotor slowing. The remaining five items assess nonsomatic (i.e., cognitive or emotional) symptoms of depression: anhedonia, depressed mood, low self-esteem, disturbed attention and thinking, and suicidal ideation. In addition to interpreting the PHQ-9 total score, analyses presented here interpret two subtotals based on somatic or nonsomatic symptoms. As also mentioned above, the TBI-QOL Depression item bank surveys the emotional and cognitive aspects of depression, but not the somatic aspects. The item bank includes 28 items, and here we administered the full item bank to participants. Each item has five response options: Never, Rarely, Sometimes, Often, and Always. Scores of 1 to 5 are assigned to each item, and the total scale is reported on the PROMIS T metric where a mean of 50 represents the mean of the general population. Although there currently are no studies validating specific cut-off scores for the TBI-QOL, here we tested common T score cut-offs for a positive screen: T Ն 55, T Ն 60, and T Ն 65.
Additional measures from the TBI-QOL were used as concurrent validity measures, including the Anxiety, Grief/Loss, SelfEsteem, Resilience, and Positive Affect and Well Being item banks (Tulsky et al., 2016) . These can be divided into two domains: negative psychological experiences (high scores indicate greater symptom burden) and positive psychological functioning (high scores indicate better functioning or adjustment; Table 2 ).
Data Analysis
All data were analyzed using IBM SPSS Version 23. The first analysis examines the construct overlap between the TBI-QOL and PHQ-9 using Pearson correlations that were adjusted for the unreliability of the measures, producing a "disattenuated" correlation coefficient (Charles, 2005) . The second analysis identifies rates of positive screens using two previously published criteria for the PHQ-9 (Bombardier et al., 2012 ; total scores of Ն10 and Ն11) alongside various cut-offs of the TBI-QOL depression measure (T Ն 55, 60, and 65).
The third set of analyses compares groups of examinees that screen positive on one or both instruments. Multivariate analysis of variance (MANOVA) are used to compare four groups of subjects: those who screen positive on both measures (PHQϩ/TBI-QOLϩ), those who screen negative on both measures (PHQϪ/TBI-QOLϪ), those who screen positive on the PHQ-9 only (PHQϩ/TBI-QOLϪ), and those who screen positive on the TBI-QOL only (PHQϪ/TBI-QOLϩ). The dependent measures for the analyses include the nine itemlevel scores from the PHQ-9 and the additional emotional health outcome measures described above. Bonferroni corrections are used for post hoc analyses of between-groups differences.
For the final analysis, the TBI-QOL emotional heath outcome measures are classified into two domains of functioning: negative emotion (Anxiety, Grief/Loss, Stigma, and Psychological Trauma) and positive emotion (Resilience, Self-esteem, Positive Affect and Well Being). Each individual item bank score is converted to a dichotomous score (1 or 0) to indicate whether the score reflects problematic functioning (e.g., T score Ն 60 or Յ 40, depending on the scoring direction of the test). These scores are tallied within domains and base rates of elevated scores are identified for each of the four PHQ/TBI-QOL groups. This analysis demonstrates the risk for poor outcomes based on group membership.
Results
Correlation of TBI-QOL Depression and PHQ-9
The disattenuated correlation between the TBI-QOL Depression scale and the PHQ-9 total score was r ϭ .83 (p Ͻ .001). When the four somatic items were excluded, the disattenuated correlation with TBI-QOL was very strong, r ϭ .92, p Ͻ .001. These results demonstrated that the TBI-QOL and PHQ-9 have a high degree of construct overlap. Table 3 presents the rates of screening positive when applying two cut-offs for the PHQ-9 and the three cut-offs for the TBI-QOL. On the PHQ-9, applying a cut-off of 10 resulted in 26.0% of participants screening positive, whereas a cut-score of 11 resulted in 22.6% screening positive. Applying cut-scores of T Ն 55, T Ն 60, and T Ն 65 on TBI-QOL Depression scale resulted in 37.9%, 22.0%, and 9.4% of participants screening positive, respectively. A This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Base Rates of Screening Positive in This TBI Sample
commonly applied T score of 60 identified nearly identical numbers of positive screens as a PHQ-9 cut-off of Ն11.
PHQ-9 and TBI-QOL Agreement
The rates of agreement between the two PHQ-9 cut-scores and the three TBI-QOL Depression scale cut-scores are reported in Table 3 . Test agreement was defined as instances when an individual screened positive or negative on both measures. The agreement rate ranged from 82.9% to 84.7% when TBI-QOL T score Ն 60. The disagreement rates where PHQ (cut-offs 10 and 11) was positive for depression but TBI-QOL (T score Ն 60) was negative were 10.4% and 7.5%, respectively. The overall disagreement rate was split approximately equally between TBI-QOL screening positive and screening negative compared with the PHQ-9. Therefore, disagreement between the measures is not due to a lack of TBI-QOL sensitivity.
When applying a more liberal criterion for the TBI-QOL (T score Ն 55), the rates of agreement between PHQ-9 and TBI-QOL dropped considerably. This was because many more individuals screened positive on the TBI-QOL alone. In general, the two tests agreed more often for negative screens than positive screens. The restrictiveness of the cut-offs that were applied played a significant role in the agreement rate.
Identifying Symptoms Related to Discrepant Classification
To identify which PHQ-9 items influenced disagreement between the tests, four groups of cases were created as described previously. For the purpose of this study, the groups were created using criteria of PHQ-9 Ն 11 and TBI-QOL depression T score Ն 60. This combination of cut-offs had a good degree of agreement and also identified a sufficient number of positive screen cases for the remaining analyses. Table 4 presents descriptive data that compare the four groups. MANOVA of the four agreement/disagreement groups with the 9 items of the PHQ-9 was highly significant (Pillai's trace ϭ 1.017, F(27, 1125) ϭ 21.36, p Ͻ .001). All univariate effects were also significant (p Ͻ .001). Post hoc analyses (Bonferroni) identified that the PHQϩ/TBI-QOLϪ group and PHQϪ/TBI-QOLϩ group had significantly different scores for PHQ-9 items 3, 4, 5, 7, and 8. A second MANOVA compared the four groups on the PHQ-9 total score, nonsomatic items total score, and somatic items total score. The four groups were significantly different (Pillai's trace ϭ .865, F(6, 762) ϭ 96.88, p Ͻ .001) at both the multivariate and univariate levels (p Ͻ .001). The PHQϩ/TBI-QOLϪ and PHQϪ/TBI-QOLϩ groups were also significantly different on the PHQ-9 total score and somatic score, but not the nonsomatic score. In both Note. Percent agree includes both depressed and nondepressed agreement rates. Pϩ/TϪ indicates the PHQ-9 was positive for depression but the TBI-QOL was negative for depression. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
analyses, the results indicated that when the two tests disagreed, it related primarily to the items with somatic content resulting in higher PHQ-9 scores overall. The two agreement groups (i.e., PHQϩ/TBI-QOLϩ vs. PHQϪ/TBI-QOLϪ) were significantly different from each other and from the two disagreement groups. An additional ANOVA compared the four groups on the TBI-QOL Depression measure to determine whether symptom severity differed when the two tests did not agree. The overall effect for group was significant, F(3, 381) ϭ 184.39, p Ͻ .001. Post hoc analysis (Bonferroni) indicated that each group was significantly different from one another on TBI-QOL Depression scale except the PHQϩ/TBI-QOLϩ and the PHQϪ/TBI-QOLϩ groups. The mean scores for the PHQϩ/TBI-QOLϪ and the PHQϪ/TBI-QOLϩ were 56.3 (3.5) and 63.4 (4.8), respectively.
Emotional Health Outcome Characteristics of PHQ-9/ TBI-QOL Groups
The four agreement/disagreement groups were compared on additional measures to identify whether there were specific trends on the overall functioning of participants that were differently classified by the two depression measures. Two MANOVAs were completed, one for the negative and one for the positive emotional outcomes with the four groups as the between-groups factor. There was a significant multivariate between-groups effect for negative emotional experiences (Pillai's trace ϭ .496, F(6, 762) ϭ 41.88, p Ͻ .001). Table 5 displays the mean scores for each of the outcome measures for the four groups. All univariate ANOVAs were highly significant (p Ͻ .001), primarily because of the consistent finding of the PHQϩ/TBI-QOLϩ being different than the PHQϪ/TBI-QOLϪ group. The largest effect was observed on the TBI-QOL Anxiety scale, F(3, 381) ϭ 112.7, p Ͻ .001. The individuals who screened positive on the TBI-QOL Depression scale alone did not report significantly different psychological outcomes compared with individuals who screened positive on the PHQ-9 alone. There was also significant multivariate betweengroups effect for positive emotional experiences (Pillai's trace ϭ .500, F(9, 1143) ϭ 25.42, p Ͻ .001). On these measures, the group that screened positive on both measures had the lowest score (i.e., worst functioning) compared with all the other groups, except the PHQϪ/TBI-QOLϩ group, most notably on the TBI-QOL SelfEsteem measure. The PHQϪ/TBI-QOLϩ group also had significantly lower Self-Esteem scores than the PHQϩ/TBI-QOLϪ group. There were no other statistically significant differences between the groups. Table 6 presents the base rates of group members having at least one other poor psychological outcome (i.e., aside from depression). Nearly every participant (93%) in the PHQϩ/TBI-QOLϩ group had at least one other score above the criterion for a negative emotional issue. And most (70%) of these same participants had at least one score below the criterion in a positive emotion domain. This group showed a moderate probability of multiple elevations in negative mood (43%) and a low probability of having multiple negative outcomes in positive emotional functioning (19%). Participants that screened negative on both tests had low rates of negative emotional issues; 7% had one elevation and 1% had more than one.
The PHQϩ/TBI-QOLϪ group had a moderate probability of additional negative emotional issues (60%) and a low probability of multiple areas of emotional distress (10%). In general, few of these individuals reported poor positive emotional outcomes; 27% had one low score and none had more than one low score. The PHQ-/TBI-QOLϩ group showed a high probability of one (72%) and a low probability of more than one (10%) concurrent negative emotional outcomes. There was a moderate probability of one low score in the positive emotional domain (48%). Overall, these analyses showed that individuals who screened positive on both depression instruments had the highest likelihood of experiencing poor emotional functioning across multiple domains. Individuals who screened positive on one test only had an elevated probability of additional emotional issues, but less than individuals who screened positive on both depression instruments.
Discussion
This investigation examined the relation between the PHQ-9 and the TBI-QOL Depression item bank, and identified the rates and characteristics of adults with TBI who screen positive on only one test, both tests, or neither test. Our analyses revealed that the two scales have a high level of correlation with one another, indicating that there was considerable overlap in the constructs that were assessed. When PHQ-9 somatic items were removed from the PHQ-9 total score, the correlation between the TBI-QOL items and the remaining PHQ-9 items subtotal was stronger (r ϭ .92). This suggests that the two measures assessed similar cognitive and emotional constructs.
The rates of screening positive, and the agreement rate between the two measures, varied as a function of the cut-off scores that were applied. The lowest agreement rate occurred when the most lenient criteria were applied to both measures. When common This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
cut-offs were applied (PHQ-9 Ն 11; TBI-QOL Ն60), the agreement rate was 84.6%, with 7.5% of participants screening positive on the PHQ-9 alone and 7.8% screening positive on the TBI-QOL alone. As expected, the more restrictive the PHQ-9 criteria, the percentage of cases that screened positive on the PHQ-9 decreased relative to those who screened positive on the TBI-QOL. Individuals who were differently classified (i.e., those who screened positive on only one measure) differed on PHQ-9 items related to somatic symptoms. That is, individuals who screened positive on the PHQ-9 alone typically did so because of somatic symptoms, which may or may not be due to depression. These results are not surprising because the PHQ-9 was designed to assess all symptoms of depression, whereas the TBI-QOL Depression instrument was designed to identify only the emotional and psychological aspects of depression. Indeed, those who screened positive on the TBI-QOL alone had an increased probability of negative psychological outcomes compared with the group identified by the PHQ-9 alone.
A significant limitation of the current study is the absence of clinical diagnoses (e.g., MDD) established by diagnostic interview. Because that information is not known, we can only discuss rates of classification agreement between the two measures, rather than diagnostic accuracy. The TBI-QOL identified individuals that had more psychological issues in general, but this does not necessarily indicate a diagnosis of MDD over other clinical conditions. Also, because the number of individuals who were differently classified was small, the observed differences between the groups may not generalize to a larger population of TBI cases. This study motivates and informs a future study comparing each measure's diagnostic accuracy relative to clinical diagnoses. Until such a study has been conducted, however, it would be premature to use the TBI-QOL Depression item bank alone for clinical purposes (e.g., to screen for depression in this population).
As part of the TBI-QOL development, advanced IRT-based equating methods (Choi, Schalet, Cook, & Cella, 2014; Gibbons et al., 2011) have permitted the production of linking tables so that researchers who have used the PHQ-9 in longitudinal studies could convert group-level scores to the TBI-QOL metric if desired. In that case, the results presented here suggest that a total score based on the nonsomatic PHQ-9 items has a stronger relation with TBI-QOL Depression than the full PHQ-9 score.
In conclusion, the TBI-QOL Depression instrument and PHQ-9 performed similarly when classifying individuals who reported emotional and cognitive symptoms of depression. Given the strong correlation between the TBI-QOL and a summed score of the five nonsomatic PHQ items, an IRT link between the two measures could be developed and applied for score comparison if desired.
Patient-reported outcomes measures that are based in IRT have several advantages over measures based in classical test theory; for example, they can typically produce scores with fewer items (Cappelleri, Lundy, & Hays, 2014; Cella, Gershon, Lai, & Choi, 2007; Hays, Morales, & Reise, 2000; Thomas, 2011) . This report indicates that the IRT-based TBI-QOL Depression item bank classifies individuals with TBI similarly as the classical test theory-based PHQ-9. Further research is needed to support the interpretation of TBI-QOL Depression scores; for example, the accuracy of different cutoff scores in predicting confirmed diagnoses of MDD. However, if this instrument is determined to be at least as accurate as the PHQ-9, the advantages of IRT-based assessment would make the TBI-QOL Depression item bank worth considering for use with individuals with TBI. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
